Despite a recent decline in the U.S. prison population, the older prisoner population is growing rapidly. U.S. prisons are constitutionally required to provide healthcare to prisoners. As the population ages, healthcare costs rise, states are forced to cut spending, and many correctional agencies struggle to meet this legal standard of care. Failure to meet the healthcare needs of older prisoners, who now account for nearly 10% of the prison population, threatens avoidable suffering in a medically vulnerable population and violation of the constitutional mandate for timely access to an appropriate level of care while incarcerated. Older prisoners who cannot access adequate healthcare in prison also affect community healthcare systems as more than 95% of prisoners are eventually released, many to urban communities where healthcare disparities are common and where acute healthcare resources are over-utilized. Yet innovations in policy and practice to improve value in correctional healthcare (i.e. achieving desired health outcomes at sustainable costs) have been significantly hampered by a lack of uniform quality and cost data. With their unique knowledge of complex chronic disease management, experts in geriatrics are positioned to help address the aging crisis in correctional healthcare. This manuscript delineates the basic health, cost and outcomes data that geriatricians and gerontologists need to respond to this crisis, identifies gaps in the available data, and anticipates barriers to data collection that, if addressed, could enable clinicians and policy makers to evaluate and improve the value of geriatric prison healthcare. Since then, total annual prison spending has increased over tenfold to $77 billion, over 10% of which is for healthcare. 4, 5 These rising healthcare costs are in large part due to the increasing number of older prisoners who have the highest burden of chronic health conditions and disabilities. [6] [7] [8] [9] [10] [11] Yet very little data is available to examine the drivers of healthcare costs and the health outcomes of this rapidly growing population.
Although the U.S. prison population peaked in 2009 at over 1.6 million and now is declining slowly, the population of older prisoners is growing rapidly. Since 1990, the overall prison population has doubled, while the number of older prisoners has increased over 500%. 1, 2 Older prisoners (age 55 or older) now constitute nearly 10% of the prison population. 2 In 1976, the U.S. Supreme Court ruled that all prisoners must have timely access to an appropriate level of medical care, defined as diagnosis and treatment by a physician without "deliberate indifference to serious medical needs." 3 Since then, total annual prison spending has increased over tenfold to $77 billion, over 10% of which is for healthcare. 4, 5 These rising healthcare costs are in large part due to the increasing number of older prisoners who have the highest burden of chronic health conditions and disabilities. [6] [7] [8] [9] [10] [11] Yet very little data is available to examine the drivers of healthcare costs and the health outcomes of this rapidly growing population.
The optimization of geriatric prisoner healthcare is more than an economic imperative.
Prison healthcare has a significant impact on communities and community-based healthcare systems. [12] [13] [14] [15] During incarceration, there exists an opportunity for access to appropriate preventive healthcare and chronic disease management that may engender lasting benefits post-incarceration. Over 95% of all prisoners eventually return to the community, where good health is essential for establishing a social support network, stable housing, and employment, the hallmarks of a successful transition from incarceration. 16, 17 Yet prisoners are often released with undertreated physical and mental illnesses and/or substance misuse problems, which may lead to recidivism and generate additional costs to communities in the form of repeat incarcerations. [17] [18] [19] Older prisoners, in particular, struggle to reenroll in health benefits programs and experience high rates of homelessness, emergency services use, hospitalization and mortality during reentry. 20, 21 The majority of former prisoners return to a relatively small number of low-income urban communities where health disparities are common. 14, 17, 22 As a result, failure to provide effective prison-based and transitional healthcare for older prisoners strains healthcare systems in communities where acute healthcare resources are already over-utilized.
With their unique knowledge of complex chronic disease management, experts in geriatrics and gerontology are well-positioned to help address the aging crisis in correctional healthcare. 1 With rising healthcare costs and steadily growing numbers of older prisoners, many prison administrators struggle to provide all prisoners with timely access to an appropriate level of medical care. 6, 10, 23 This suggests a pressing need to optimize geriatric prisoner healthcare value. Healthcare value (defined as quality over cost, or "the health outcomes achieved per dollar spent"), is reached when high quality care is delivered at sustainable costs and is measured by tracking patient outcomes and costs longitudinally. 24, 25 Because older prisoners are generally in worse health, come into more contact with the correctional healthcare system, and generate higher healthcare costs than younger prisoners, they represent a critical population in which to optimize healthcare value. Yet there remains a profound lack of data that can be used to evaluate and improve geriatric prison healthcare value. This manuscript identifies gaps in the available data; delineates the basic health, cost and outcomes data that experts in geriatrics and gerontology need to respond to this crisis; and anticipates barriers to data collection that, if addressed, could enable the evaluation and improvement of geriatric prison healthcare value.
Missing Data: A Critical Obstacle to Evaluating and Improving Value in Geriatric Correctional Healthcare
The growing number of older prisoners affects every state in the U.S. (Table 1) 26,27 and generates high healthcare costs. [6] [7] [8] [9] [10] [11] Yet the precise costs, and the reasons for these high costs, are unknown. For example, a commonly cited figure in policy and government reports estimates that older prisoners cost "two to three times more" than younger inmates to incarcerate, primarily due to differences in healthcare spending. 7, 11, 28 However, references for these cost Table 2) . Two recent investigative reports synthesized data from special reports about older prisoners issued by a small collection of states between 2005 and 2011 and found that older prisoners cost three to nine times as much as younger prisoners to incarcerate. 9, 10 But even these numbers are hard to interpret because states differed both in the age cutoff used to define "older prisoners" and in how they defined "healthcare costs".
Improving older prisoner healthcare value requires data about cost, quality of care and health outcomes. Prisoners of all ages, however, are excluded from most of the nation's major health datasets 30 and quality measures used by prisons vary across systems and facilities. 31 Even if the collection of common quality and outcomes measures were implemented, currently thirteen states (26%) do not publically report any annual correctional healthcare cost data and only 7 states report data on healthcare spending by age group (Table 2 ). This lack of data hampers policy reforms proposed to address the rapidly aging correctional population, such as expanding early release opportunities for older prisoners 7, 9, 10 and investing in prison-based quality enhancement and cost effectiveness initiatives, [31] [32] [33] [34] by limiting policymakers' ability to assess how policy changes affect healthcare cost and patient outcomes.
Specific Data Needed to Assess and Improve Older Prisoner Healthcare
Uniform collection and mandatory reporting of limited healthcare data by age group in three critical areas could enable a more precise estimation of geriatric prisoner healthcare costs, lead to important value comparisons across prisons, and inform evidence-based clinical care innovations to improve geriatric correctional healthcare value. Those areas are: 1. A vital first step in this process is to define a uniform age for "older prisoners."
Correctional health experts typically define the prison population as "older" at the age of 50 or 55 due to "accelerated aging", 10, 11 evidenced by the disproportionately high rates of medical and functional limitations found in prisoners at younger ages than in community-dwelling older adults. 28 Yet, there is no uniform age cutoff to define "older prisoners" that is used across correctional systems and healthcare data is generally not collected by older age groupings (e.g.
55-59 year olds versus 60-64 year olds versus 65-69 year olds).
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To adequately account for state to state differences in the age cutoff used for older prisoners and for the rapid changes in health status that can occur with aging, data collection should occur in 5-year age cohorts starting at age 50. These critical data should include cost and health outcomes by chronic health condition, healthcare delivery site, and sentence as discussed below.
Healthcare costs and outcomes by chronic medical condition
The public health opportunities of optimal geriatric prison healthcare are considerable. 12, 19 Chronic conditions (e.g. diabetes, hypertension, liver disease) and serious mental disorders are more prevalent among prisoners than non-prisoners 19, 36 and more common in older prisoners than in younger prisoners.
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Because many older prisoners come to prison with a history of inadequate healthcare access, prisons often provide the initial treatment of chronic health conditions. Additionally, prison-based systems to assess the prevalence and enhance the monitoring and treatment of communicable diseases (e.g., hepatitis C, HIV) in older prisoners are critical to public health. Development of strategies to optimize correctional healthcare for older prisoners requires the collection of basic health status and outcomes data to understand which conditions are most prevalent and in need of targeted care strategies and quality improvement. Because older prisoners are at heightened risk for acute healthcare services use and mortality following release, 23 sharing basic disease prevalence data between correctional and community-based providers could also help community healthcare systems plan for the needs of returning older prisoners and enabling innovations to minimize costly acute care use.
Healthcare costs and outcomes by healthcare delivery site
Prisons are primarily designed to incarcerate, not to cost-effectively prevent or treat disease. 19 However, analysis of the costs and outcomes associated with different healthcare delivery strategies could improve prison healthcare efficiency and quality, most notably for older prisoners with complex chronic medical conditions and/or serious illnesses. States often cite the high cost of off-site medical care as a significant driver of rising prison healthcare spending, 8, 9 yet value comparisons of different care delivery sites are lacking (e.g., in-prison dialysis versus transportation to an outside dialysis facility). Cost-effectiveness may differ by site (e.g., community hospital versus specialized prison medical facility) according to factors such as the medical condition treated, the safety profile of the prisoner, or the correctional institution's geographic remoteness from community-based services. Nationwide data to identify costeffective solutions to such complex delivery site questions could be used to improve value system-wide.
Healthcare costs and outcomes by sentence
Healthcare cost according to older prisoners' level of offense (e.g., misdemeanor, serious crime) and sentence is of increasing interest to taxpayers, policymakers and legislators.
Nearly half of all prisoners are serving sentences for non-violent offenses, 5 leading some states to reexamine strict sentencing and parole policies to reduce costs. 38 Older age is often the only non-criminal justice characteristic factored in parole decisions as older adults are less likely to be rearrested and, when they are, these arrests are more likely to be for minor, non-violent crimes. 7, 10 In California, where annual prisoner healthcare spending exceeded $2 billion in 2009, the State Auditor estimated that prisoners serving long sentences under "three-strikes laws" for misdemeanor convictions would cost $7.5 billion during the course of their incarceration and that a small number of older and sicker prisoners accounted for a significant proportion of prison healthcare spending overall. 8 This information was used by policy makers to introduce legislation curtailing the use of "three strikes" in California, which passed statewide referendum in 2012. Nationwide, similar documentation of healthcare costs and outcomes for older prisoners by offense and sentence is critical for policy analysts and political leaders who aim to examine multiple factors -public safety, state spending, and healthcare quality -in criminal justice reform.
Barriers to Older Prisoner Healthcare Data Collection in Correctional Settings
While the benefits of public reporting of common data for older prisoners' healthcare costs and outcomes would be considerable to public health, the health of medically vulnerable individuals, and local and state economies struggling to keep pace with rising correctional costs, barriers to this vision are significant. Limited fiscal resources for data collection, lack of trained staff, and uncertainty regarding what data are worthy of collection may all serve as meaningful barriers to effective action. There may also be concern that improved data for quality comparison and cost-effectiveness studies would not necessarily translate to improved value. To address these concerns, efforts in two key areas are needed: funding and design/implementation.
The challenge of funding correctional healthcare data collection for older prisoners could be addressed by: (1) replicating existing prison healthcare data collection models with manageable funding requirements; and (2) better leveraging existing funding opportunities. An example of what is possible is found in Australia. In response to public health challenges associated with rising incarceration rates, researchers there have generated a wealth of useful data using time-limited, representative data collections complemented by data-linking to administrative and national health data sources. 39, 40 Ultimately, the Australian National Prisoner Health Indicators project will map prisoner health to a national health performance framework, including measures of healthcare value in Australia's prisons. 41 Based on these proven methods, a coordinated short-term data collection of a random sample of older prisoners in the U.S. could produce the data needed to significantly improve correctional healthcare value. Analyses of healthcare value would require national longitudinal data, which are currently not available. Collection of these data is feasible at reasonable cost. With adequate funding, a coordinated design and implementation effort could be achieved through partnerships among many interested parties including universities, the National Commission on Correctional Health Care, and the Bureau of Justice Statistics, and others. In some states, universities have already successfully partnered with correctional agencies to improve prison healthcare 45 and are experienced at applying for grant funding. The National Commission on Correctional Health Care publishes standards and guidelines for correctional health services 46 and has begun designing data collection tools for disease outcomes in correctional populations. 47 The Bureau of Justice Statistics already collects important criminal justice data from local, state, and federal correctional agencies (including limited data on health outcomes and expenditure). 4, 48, 49 Together, these three institutions contain the geriatrics healthcare expertise and experience to design and implement a short-term data collection with follow-up based on data linkages for the medically vulnerable and costly population of older prisoners. Meanwhile, greater political leadership, increased advocacy from the correctional health and medical communities, and a broader public discussion of the need to understand the public health and economic costs associated with poor value in correctional healthcare are also required to galvanize and direct action on the part of state governments and correctional institutions.
A Worthwhile Investment
Though barriers exist, collection of data for evidence-based innovation and policy change represents a critical yet surmountable obstacle to the optimization of geriatric prisoner healthcare value. 13, 15 Evidence-based prison healthcare reform is urgently needed as timely access to an appropriate level of medical care is a constitutionally required component of incarceration with profound public health ramifications. The older prisoner population (55 years of age and older) constitutes a critical group in which to target correctional healthcare data collection in three critical areas: (1) chronic medical conditions, (2) delivery site, and (3) prisoner sentence. With leadership from experts in geriatrics and gerontology, collecting such data would provide a vital first step towards improving value in geriatric correctional healthcare by enabling the identification of quality and cost deficiencies in need of evaluation and innovation.
Correctional healthcare research leading to clinical and policy innovations would reduce the flow of prisoners into community healthcare facilities shortly following their release from jails and prisons and would generate knowledge that is transferable to community-based care settings, particularly in urban centers where health disparities are high, acute healthcare resources are strained, and the need for better value in healthcare is greatest. Policymakers and legislators have already signaled their political will to engage in criminal justice and correctional healthcare reform. 6, 38 With their knowledge of systems for complex chronic disease management, experts in geriatrics and gerontology can help address the aging crisis in correctional healthcare. 1 A critical first step is to collect comparable quality and cost data across prison healthcare systems.
Such an effort would have a broad impact on public health of older adults in low-income communities and would help policy makers assess and respond to the price we pay for our correctional policies. 
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